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Tissue Ablating Apparatus and Method of Ablating Tissue 

BACKGROUND TO THE INVENTION 
FIELD OF THE INVENTION 
5 The present invention relates to an apparatus and 

method for ablating tissue with microwave radiation. In 
this specification microwave means the frequency range 
from 5GHz to 60GHz inclusive. Preferably i4-15GHz is 
used for tissue ablation but the present invention is not 
10 limited to this narrower range. 



SUMMARY OF THE PRIOR ART 

Traditional methods of treating cancer involve 
removing the cancerous tissue by cutting it out 
15 mechanically and/or chemotherapy, usually followed by 

radiotherapy. Both methods have significant drawbacks 
and may cause serious trauma to the patient. 

The application of heat energy to biological tissue 
is an effective method of killing cells. Thus the present 
invention proposes applying microwaves to heat and thus 
ablate (destroy) biological tissue. This presents an 
interesting opportunity for the treatment of cancer as 
the cancerous tissue can be ablated in this way. There is 
a need for a suitable apparatus and method for ablating 
tissue with microwaves for the treatment of cancer or 
other conditions . 

SUMMARY OF THE INVENTION 

Accordingly a first aspect of the present invention may 
provide a tissue ablation apparatus comprising: 
a source of microwave radiation; 
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the direction of the axis of said probe of X/4 or odd 
multiples thereof. 

31. A method of making a balun for a coaxial tissue 
ablation probe comprising the steps of spraying or 
otherwise placing a liquid or powder dielectric onto an 
outer surface of an outer conducting sheath of a coaxial 
probe, and if said dielectric is liquid allowing the 
liquid to solidify, to form the balun. 

32. A method according to claim 31 comprising the 
further step of and placing an outer conductor around 
said dielectric. 



15 33. A method according to claim 32 wherein said probe 

is designed for use with a microwave radiation of 
wavelength X and the balun has a length in the direction 
of the axis of said probe of X/4 or odd multiples 
thereof. 

20 



34. A surgical apparatus comprising: 

a source of microwave radiation of a first 
frequency suitable for ablating tissue; 

a probe for directing microwave radiation from the 
source into tissue to be ablated; 

a modulator having an OFF state in which it does 
not modulate said microwave radiation from the source and 
an ON state in which it modulates microwave radiation 
from the source in pulses having a second frequency less 
than said first frequency; said second frequency being 
suitable for cutting tissue. 
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35. An apparatus according to claim 29 wherein the 
apparatus further comprises a low pass filter between 
said modulator and said probe; said low pass filter 

5 having a first state in which it lets said first 

frequency pass and a second state in which it passes said 
second frequency, but filters out said first frequency. 

36. An apparatus according to claim 34 wherein said 
10 modulator is capable of varying said second frequency. 

37. An apparatus according to claim 36 wherein said 
modulator is capable of varying said second frequency and 
said low pass filter is capable of varying its pass band 

15 in its second state. 



38. An apparatus according to any one of claims 34 to 
37 wherein said first frequency is 5GHz or higher. 

39. An apparatus according to any one of claim 34 to 38 
wherein said second frequency is a frequency in the range 
lOkHz to 500MHz. 
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O (57) Abstract: An apparatus and method for ablating tissue is disclosed. The apparatus comprises a source of microwave radiation 
^ (1). a probe (5) for directing the microwave radiation into tissue, one or more detectors for detecting the power and phase of the 
^ microwave radiation and an impedance adjuster (50) for adjusting impedance so as to minimize the amount of microwave radiation 

which reflected back through the probe. The detector or detectors use a local oscillator (230) to derive the phase information. A 

modulator for modulating the microwave radiation to a cutting frequency is also disclosed. 



wifco04/047659 A3 lillllilllllilllllilBuilllllllilllllillllllli 



— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

29 July 2004 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNAlTONAL SEARCH REPORT 



Application No 

PCT/GB 03/05166 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61B18/14 



According to Intemallonaj Patent Classification (IPC) or to both national classincation and IPC 
B. FIELDS SEARCHED 



Minimum documentation searctted (dasslffcatlon system followed by dasslflcatlon symbols) 

IPC 7 A61B 



Documenlallon searched other than minimum documentation to the extent that such documents are hcluded in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terns used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy ' 



Citation of document, with indcatlon. where appropriate, of the relevant passages 



Relevant to dalm No. 



us 5 957 969 A (GRUNDY DAVID ALAN ET AL) 
28 September 1999 (1999-09-28) 
column 2, line 11 -column 15, line 3; 
figures 1,6-12 

US 5 693 082 A (GRUNDY DAVID ALAN ET AL) 
2 December 1997 (1997-12-02) 
column 2, line 7 -column 14, line 67: 
figures 1,6-12 

US 5 364 392 A (WARNER GLEN G ET AL) 
15 November 1994 (1994-11-15) 
column 2, line 30 -column 8, line 40; 
figures 1,6,7 

-/- 



1-18 



1-18 



1-18 



Px"! further documents are listed !n the continuation of box C. 


|X 1 Patent family members are listed In annex. 




■A" document defining the general state of the art which Is not 
considered to be of particular relevance 

'E* earlier document but published on or after the International 
filing date 

•L' document which may throw doubts on priority clalm(3)or 
which is cited to establish the publication date of another 
citation or other special reason (as spedfled) 

"0^ document referring to an oral disdosuie. use. exhibition or 
other means 

'P* document published prior to the International finng date but 
later than the priority date claimed 


•T* later document published after the Inlernatlonal filing date 
or priorfly date and not in conflict with the application but 
cited to understand the principle or theory underlylna the 
Invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involvo an Inventive step when the document is taken afone 

■V document of particular relevance; the claimed Invention 

cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 




Date of the actual completion of the International search 


Dale or malting of the international search report 




27 May 2004 


1 t 06. 2004 




Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRiJswiik 
Tel. (431-70) 340-2040, "nc. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Kurze, V 





page 1 of 2 



INTERN, 




NAL SEARCH REPORT 



Application No 

PCT/6B 03/05166 



□.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Calegoiy ■ 



Citation of document, with Indication, where appropriate, o> the lelevanl passages 



US 5 405 346 A (WARNER GLEN G ET AL) 
11 April 1995 (1995-04-11) 
column 3, line 14 -column 12, line 31; 
figures 2-4,8,9 

EP 1 186 274 A (AFX INC) 

13 March 2002 (2002-03-13) 

column 1, line 41 -column 36, line 27; 

figure 2 

US 6 413 255 Bl (STERN ROGER A) 

2 July 2002 (2002-07-02) 

column 3, line 60 -column 30, line 10 

WO 00/53113 A (STERN ROGER ;THERMAGE INC 
(US)) 14 September 2000 (2000-09-14) 
page 9, line 8 -page 48, line 14 

US 2002/120261 Al (MORRIS DAVID L ET AL) 
29 August 2002 (2002-08-29) 
paragraph '0008! - paragraph '0193!; 
figure 55 

US 6 350 276 Bl (KNOWLTON EDWARD W) 

26 February 2002 (2002-02-26) 

column 2, line 20 -column 22, line 32; 
figures 23-25 

WO 97/43971 A (SOMNUS MEDICAL TECH INC 
; EDWARDS STUART D (US)) 

27 November 1997 (1997-11-27) 
page 4, line 2 -page 31, line 21 



Relevant to ctalm No. 



1-18 



1-18 



34,36, 

38,39 

37 

34,36, 

38,39 

37 

34.36, 

38,39 

37 



34,36-39 



34,36-39 



Fonn PCT/)8A/21 D (oontinueAIon of second sheel) (Januaiy 2004) 



page 2 of 



2 



INTERNATIONAL SEARCH REPORT 



application No. 
PCT/GB 03/05166 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been estabDshed In respect of certain claims under Article 17(2)(a) for the following reasons: 

1. Claims Nos.: 19-26 

because they relate to subject matter not required to be searched by this Aufriority, namely: 

Rule 39. 1(1 v) PCT - Method for treatment of the human or animal body by 
surgery 

2. f I Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. r I Claims Nos.: 

because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



Box il Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple inventions In this International application, as fbliows: 

see additional sheet 

1.1 I As all required additional search fees were timely paid by the applicant, this international Search Report covers aH 
^ — ' searchable claims, 

all searchable claims could be searched without effort justifying an additional tee. this Authority did not Invite payment 
of stny aaditlonai fee. 



^' \ Yl ^® required additional search fees were timely paid by the applicant, this International Search Report 

covers only those claims for which fees were paid, specifically claims Nos.: 

1-18,34,36-39 



No required additional search fees were timely paid by the applicant Consequently, this international Search Report Is 
restricted to the invention first mentioned In the claims; it Is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicants protest 

fx] protest accompanied the payment of additional search fees. 



F^m PCT/ISA/210 (continuation of first sheet (1)) (July 1998) 




IntBfnaflonal Applicatio n No. PCT/ GB 03 /05166 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 

This International Searching Authority found multiple (groups of) 
Inventions in this international application, as follows: 

1. Claims: 1-18 

Tunable tissue ablation apparatus 

2. Claim : 27 

Probe with ceramic tip 

3. Claims: 28-33,35,38,39 

Coaxial probe and method of making a balun therefor 

4. Claims: 34,36-39 

Surgical apparatus with modulator 



INTERWBBbNAL SEARCH REPORT 

Information on patent family members 




Application No 

PCT/GB 03/05166 



Patent document 




Publication 




Patent famliy 


Publication 


died In search report 


J 


date 




member(s) 


date 


US 5957969 


A 


28-09-1999 


us 




u^— i^:— iyy/ 








US 


5364392 A 


1 R^i 1 —1 00/1 
10— ii— iVfy*! 








us 


5405346 A 


11— U'^— lyyo 








AU 


6912794 A 


1 9^1 9—1 QQ/I 








EP 




^0— u^-iyyo 








WO 


9426188 Al 


24-11-1994 


US 5693082 


A 


02-12-1997 


US 




10-11-1994 








US 




11— UH—iyyb 








us 




^o~uy-iyyy 








AU 


691 ^7Qd A 


1 9^1 9—1 Qoyi 

iz— i<c— iyy«4 








EP 


OfiQTRAP Al 

UU7/OHC. Ml 


9Q— n9_1 OQC 

^<j— u^— lyyo 








WO 


9426188 Al 


24-11-1994 


US 5364392 


A 


15-11-1994 

*»J X X X77*T 


AU 


fi91^7QA A 


lit— 1^— iyy4 








EP 


0697842 Al 


9ft— n9— 1 QQA 

^0— U41 lyyo 








UO 


Q4P61AR Al 


9A— 1 1 —1 Qoyi 
^tj— 11— iyy«^ 








US 




1 1— HA— ioac 

11— u*j— lyyiD 








us 




09—1 9— IOOT 

u^— lii— lyy/ 








us 


5957969 A 


28-09-1999 


US 5405346 


A 


11-04-1995 


us 


5364392 A 


15-11-1994 








AU 


6912794 A 


12-12-1994 








cr 


nfiQ7aA9 Al 
U07/0H<1 nl 


ido-u^-iyyo 










7^^UXOO MX 


9^—1 1—1 onvi 

^H— 11-iyyq 








US 


3U70UOC M 


n9— 1 9 1 

u^-i^-j.yy/ 








us 


373/ 7U7 M 


90 no 1 ftrto 

^o-oy-iyyy 


EP 1186274 


A 


13-03-2002 


EP 


llftfi?7A A9 


IJ— Oo— ^002 


US 6413255 


Bl 


02-07-2002 


US 




1 7—1 o OAno 
1/-1U— ZUU^ 








us 


^uU^lQOH/ 1 Al 


9>i^in o/ino 
^4-lU-^u02 








US 


20n'^?1fi7?A Al 


9n— 1 1— onA*j 








US 


w*TUO*f onu Ml 


ly— (/i:-i:0U4 








us 


^UuoX770UU Ml 


91—1 n— 9^0*5 

^^— lU— ^UUo 








us 












us 

uO 


^.UUHUUUOIQ Ml 


Ul-Ul— 4c0U4 








us 


^UUOc,1^070 Ml 


lo-ll-^Ouo 








us 


2004030332 Al 


12-02-2004 








us 


2004002705 Al 


01-01-2004 










^UUO^^UQJO Ml 


^/-11-20U3 








ALJ 


0/*flOUU M 


00 AA OA/in 

2o-uy-200u 








CA 


fcOD*fU70 Ml 


"I A AA OAA/I 

14-Uy-2000 










1 1RAQI Q Al 
IIOO7I7 Ml 


AC 1 0 OAA1 

Ub-12--2001 








JP 


20nPR'%7Q'^Q A 

C.UU^LIO/707 M 


1 0 1 I OA AO 

12-11—2002 








WW 


UUwOllO Ml 


1 il AO OAAA 

14-Uy— 2000 


MO 0053113 


A 


14-09-2000 


AU 


^74if:rin A 

u/«t101/U m 


90 AO OAAA 

2o— uy-cooo 








CA 


23fi4nQft Al 

.fe«JU'tU70 Ml 


1 A AQ—OAAA 

14— uy— 2uUU 








EP 


1 IRAQI Q Al 
IIOO7I7 Ml 


AC 10 0 AA 1 

00-12-2001 








JP 


2002537939 A 


12-11-2002 








un 


l/Uwollo Ml 


14-09-2000 








US 


2002151887 Al 


17-10-2002 








us 


2002156471 Al 


24-10-2002 








us 


2003216728 Al 


20-11-2003 








us 


2004034346 Al 


19-02-2004 








us 


2003199866 Al 


23-10-2003 








us 


2004002704 Al 


01-01-2004 



page 1 of 3 





^^^mation on patent family members 


i P A 




03/05166 


Patent document 






Publication 




Patent family 


Publication 


cited In fiAarph mnnrt 






dats 




member(8) 


date 


WO 0053113 


A 






US 


2004000316 Al 












US 


2003212393 Al 


xo ix CJJXJO 










US 


2004030332 Al 


12-02-2004 










us 


2004002705 Al 


01-01-2004 










us 


2003220635 Al 












us 


6413255 Bl 




US 2002120261 


Al 




29-08-2002 


us 


2002120260 Al 


29-08-2002 










EP 


1370187 Al 


1 7—1 9— 900*^ 










WO 


02067797 A2 


Ofi— 00-9009 


US 6350276 


Bl 




26-02-2002 


us 


2002062142 Al 


9"^— Ot^— 9009 










us 


591921Q A 


Ofi— 07— 1 QQQ 










us 


6430446 Bl 


Ofi— Oft— 9009 










us 


6241753 Bl 


OR— OA— 9001 










AU 


770936 B2 


1 1 —0*^—900/1 










AU 


5785300 A 


'ji — 01 — 9oni 

Ol Ul^^UUl 










CA 


2376879 Al 

tw# WW/ ^ n X 


OA— 01 — 9001 










EP 


1196215 Al 


1 7— OA— 9009 










JP 


2003503118 T 


9ft— 01 — 9007 










wo 


0100269 Al 


OA— 01— 9001 
uH Ul cUUl 










us 


2002049483 Al 


9t^— OA— 9009 










us 


2003216728 Al 


90—1 1 -900^^ 
ll"~iLUU»5 










us 


2004034346 Al 


1 Q— 09— 900A 










us 


2003199866 Al 


9*3—1 O— 900*1 










us 


2004002704 Al 


01 — 01 — 900A 
Ul Ul ^UU't 










us 


2004000316 Al 


01—01 — 900A 
Ul Ul tUU*f 










us 


2003212393 Al 


1 'i— 1 1 _9007 
lO ll~^UUO 










us 


2004030332 Al 


1 9— 09— 900A 
1^ UiL^UU** 










us 


2004002705 Al 


01— 01— 900A 
Ul Ul^^^UU** 










us 


2003220635 Al 


97—1 1 —900"^ 
a 11 C\}\jO 










AU 


8903798 A 


9*^- OA— 1 QQO 
CO U4 li^ify 










wo 


9916502 Al 


Oft— OA— 1 QQO 
UO UH li^i727 










us 


6405090 Bl 


I 1 — Ol%— 9009 

I I UO cUUc 










AU 


3824997 A 


9R— 09— lOOft 










us 


6438424 Bl 


90— Oft— 9009 










wo 


9805286 Al 


1 9— 09— 1 QQfi 
i.C U4. l770 










AU 


1527397 A 


01 — Oft— 1QQ7 

ui'~uo"~iyy/ 










AU 


5789396 A 


91 —1 1 — 100/; 
CL ll^iyyo 










EP 


1407720 Al 


1 A— OA— 900A 










EP 


0957791 Al 

w^w//^x nx 


9A— 1 1 — 1QQQ 
CH ii^i^yy 










JP 


2001513654 T 

&WX^XwW«^"T 1 


OA— 00—9001 
UH~"U7""cUUl 










JP 


11504828 T 


1 1 — OR— 1QQQ 

11 UO 127717 










us 


6377855 Bl 


9^— OA— 9009 










US 


6381497 Bl 


'^O— OA— 90O9 
OU— U^J— iCUUc 










us 


6381498 Bl 


'^O— OA— 9009 
OU UH^UUt 










wo 


9634568 Al 


07—1 1 — 100A 
U/ 11 I77D 










wo 


91Zii99Z Al 


17-07-1997 










us 


6470216 Bl 


22-10-2002 










us 


6461378 Bl 


Oft— 1 O— 9009 
UO lU^UUt 










us 


6377854 Bl 


9*^— OA— 9009 


WO 9743971 


A 




27-11-1997 


us 


5746224 A 


Of;— Ot;— 1 QOfl 
UD~"U0~li770 










us 


5800429 A 


01 — OQ-IQQft 

Ul U7 15770 


- 








US 


5827277 A 


27-10-1998 










us 


5843077 A 


01-12-1998 










US 


5823197 A 


20-10-1998 










AU 


3119597 A 


26-11-1997 



Form PC3T/1SA/210 foatent familv annex) IJanuaro 20041 



Patent document 
cited in search report 



mation on patent family members 



m 



03/05166 



WO 9743971 



Publication 


Patent famfiy 


Publication ' 


date 


member(s) 


date 



AU 3204097 A 

WO 9743971 A2 

WO 9741789 Al 

US 2003144659 Al 

US 2002091381 Al 

US 6419673 Bl 

US 5743904 A 

US 6077257 A 

AU 2191697 A 

WO 9743970 Al 



09-12- 

27- 11- 
13-H- 
31-07- 
11-07- 
16-07- 

28- 04- 
20-06- 
09-12- 
27-11- 



■1997 
■1997 
•1997 
•2003 
2002 
2002 
1998 
2000 
1997 
1997 



i=onnn PCT/lSA/210 (patent family annex) fJanuaw 2004) 



